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Abstract 
The aim of this work was to quantify exposure to particles emitted by wood-fired ovens in pizzerias. Overall, 
15 microenvironments were chosen and analyzed in a 14-month experimental campaign. Particle number 
concentration and distribution were measured simultaneously using a Condensation Particle Counter (CPC), a 
Scanning Mobility Particle Sizer (SMPS), an Aerodynamic Particle Sizer (APS). The surface area and mass 
distributions and concentrations, as well as the estimation of lung deposition surface area and PM1 were 
evaluated using the SMPS-APS system with dosimetric models, by taking into account the presence of 
aggregates on the basis of the Idealized Aggregate (IA) theory. The fraction of inhaled particles deposited in the 
respiratory system and different fractions of particulate matter were also measured by means of a Nanoparticle 
Surface Area Monitor (NSAM) and a photometer (DustTrak DRX), respectively. In this way, supplementary 
data were obtained during the monitoring of trends inside the pizzerias. We found that surface area and PM1 
particle concentrations in pizzerias can be very high, especially when compared to other critical 
microenvironments, such as the transport hubs. During pizza cooking under normal ventilation conditions, 
concentrations were found up to 74, 70 and 23 times higher than background levels for number, surface area and 
PM1, respectively. A key parameter is the oven shape factor, defined as the ratio between the size of the face 
opening in respect to the diameter of the semicircular oven door, and particular attention must also be paid to 
hood efficiency. 
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1. Introduction 
 
The adverse health effects of particulate matter have been reported in numerous scientific studies (Pope and 
Dockery, 2006). A number of epidemiological studies also associated these effects with particle mass 
concentration, including PM2.5 (Pope, 2000) and PM10 (Loomis, 2000), as well as ultrafine particle (UFP) 
number concentration (Hauser et al., 2001), surface area concentration (Driscoll, 1996) and overall exposure rate 
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(Siegmann and Siegmann, 1998). Anastasio and Martin (2001) also suggest that health effects from airborne 
particles are strongly associated with co-exposure to other airborne pollutants. However, assessment of the risk 
resulting from exposure to airborne pollutants should ideally include measurements of concentration levels of the 
pollutants in all microenvironments where people spend their time.  
In many countries, the majority of people spend most of their time (80–90%) indoors, where cooking 
represents one of the most significant particle generating activities (Kamens et al., 1991; Ozkaynak et al., 1996). 
In order to gain a better understanding of the relationship between particulate air pollution and cooking 
activities, several studies have attempted to measure the particle number concentration and size distribution of 
particles generated during cooking (Abt et al., 2000a, b; Brauer et al., 2000, Dennekamp et al., 2001; Hussein et 
al., 2006; Li et al., 1993; See and Balasubramanian, 2006a, b; He et al., 2004; Yeung and To, 2008; Wallace et 
al., 2004; Wallace et al., 2008; Buonanno et al., 2009a) giving important information on the assessment of risk 
in indoor microenvironments. One such microenvironment is represented by restaurants and pizzerias. Although 
the assessment of risk in restaurants can be partially deduced from the above-mentioned literature on cooking 
activities, the emissions from wood-fired ovens in a typical pizzeria, and the consequent exposure of people in 
terms of airborne particle concentration, are yet to be analyzed. Pizzerias are widespread all over the world (in 
Italy alone there are more than 23,000 pizzerias) and pizza represents one of the most popular meals worldwide.  
Pizza is traditionally composed of yeast-flour dough covered with tomato, cheese and oil, as well as other 
minor ingredients such as basil or oregano. The first pizzerias opened in Neapolitan in Southern Italy and for the 
first half of 10th century, pizza was exclusive to Naples. Since the 1700’s, many more commercial pizzerias 
opened across Italy and abroad. The most famous pizza is the “Margherita”, which originated in 1796 and was 
offered to the Queen of Italy “Margherita” in 1889. The colors of its filling were representative of the Italian 
flag (basil, mozzarella and tomatoes), being green, white and red. The official recognition of ‘‘Pizza Napoletana 
Margherita Extra” is reported in the Official Journal of Italian Republic (Ministero Politiche Agricole Forestali, 
2004).  
According to the cited standard of production proposed for Pizza Napoletana, the thickness of the dough disk 
at its centre is not more than 0.3 cm, the cooking surface temperature of the oven is 485 °C, the oven dome 
temperature is 430 °C and the cooking time does not exceed 90 s. Such short cooking times prevent mozzarella 
from completely dehydrating, thus avoiding the formation of a crust or browning due to Maillard reactions 
(Locci et al., 2008). The high temperature and, consequently, the short cooking time can only be obtained by 
using a wood-fired pizza oven and based on Italian tradition, the oven is always located in the same enclosed 
area where the costumers dine (typically twice a week for a total of 4 hours) (Ministero Politiche Agricole 
Forestali, 2004).  
The aim of the current study was to investigate the physical properties of aerosols in 15 Italian pizzerias, in 
order to obtain data for exposure analysis. The specific objectives of this work included the evaluation of the 
number, surface area and particle concentration and distribution through a Condensation Particle Counter (CPC), 
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a Scanning Mobility Particle Sizer (SMPS) and a DustTrak™ DRX Aerosol Monitor, as well as the inhaled lung 
deposition surface area and PM1 by using also a Nanoparticle Surface Area Monitor (NSAM). The oven was 
considered to be the predominant source of the measured aerosols, since smoking is not allowed in Italian 
restaurants and pizzerias. 
 
 
2. Experimental method 
 
2.1 The sampling sites 
Air sampling was conducted at 15 pizzerias (P1–P15) in central Italy from September 2008 to October 2009. 
A good mix of pizzerias, in terms of location (urban or rural areas), dimension (low, medium and large volume), 
number of pizzas per meal and oven type (in particular of the hood) were chosen, in order to analyze different 
exposure situations. The main characteristics are reported in Table 1. 
All of the pizzerias made a high percentage of pizzas in comparison to the total number of hot meals, Np/Nm, 
and P7 was particularly interesting in that it only made pizzas, without the presence of any other cooking 
activity. The main dimensions of the entry door of the oven, the hood, and the thermal and physical properties of 
the materials varied greatly, however, every oven had a typical semicircular shape with a hood over the entry 
door, based on the principle that the exhaust air enters at the face of the hood by natural convection, passes 
through the enclosure and is exhausted outdoors, preventing the escape of airborne contaminants into the 
pizzeria (Figure 1a). Different variables affect the performance of the hood, but one of the most important 
factors is the width of the face opening, L, with respect to the maximum height of the entry door, H (Ashrae 
Handbook, 2007). Hence, the oven shape factor, L/H, is introduced by the authors in order to define the type of 
oven and the corresponding hood.  
The high temperature necessary for a correct baking of the pizza can be achieved by the dome dimensions, 
insulation properties of the refractory materials, entry door height etc. In Figure 2, in order to highlight the high 
temperatures reached in the oven, the temperature field obtained by a thermal camera in the range between 
300°C and 800°C is shown. In contrast to Western pizzerias, in Italy the oven is always located in the same room 
where the costumers dine and in all the pizzerias analyzed, there were neither fans nor air-conditioners present. 
The natural ventilation, and consequent air exchange with the outdoors depends strictly on the type of pizzeria. 
For example, P4 had a take-away counter that opened directly onto the street, whereas in P6, minimum 
ventilation was achieved by not allowing the entrance of costumers during the monitoring. 
 
2.2 Instrumentation 
Particle size and number concentration measurements were conducted using different instruments: i) the TSI 
Model 3321 aerodynamic particle sizer (APS) which measures particle size distribution and number 
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concentration in real time, in the range from 0.5 to 20 µm; ii) the TSI Model 3936 Scanning Mobility Particle 
Sizer (SMPS), which was set to measure particle size distribution and number concentration, in the range from 
0.015 to 0.685 µm; iii) the TSI Model 3775 condensation particle counter (CPC), which measured the total 
number concentration of particles with diameters greater than 4 nm. 
The surface area and mass distribution and concentrations were evaluated through the SMPS-APS system 
(Buonanno et al. 2009b) by taking into account the presence of aggregates on the basis of the Idealized 
Aggregate (IA) theory reported in Lall and Friedlander (2006) and Lall et al., (2006).  
The measurement of the different fractions of particulate matter (PM10, PM2.5, PM1) was also obtained by the 
DustTrak™ DRX Aerosol Monitor Model 8533 (TSI Incorporated, St. Paul, MN, USA). It should be noted that 
the DustTrak operates based on a light scattering technique where the amount of scattered light is proportional to 
the volume concentration of the aerosol. The PM values obtained in this study using this instrument are corrected 
in respect to gravimetric values, as the instrument was calibrated for the each specific aerosol studied at the 
beginning of the experimental campaign. 
A FLIR System ThermaCAM™ S45 was used to monitor temperature in real-time, with a thermal sensitivity 
of 0.08 °C. In order to evaluate the thermal emissivity of the grilling and frying surfaces, the values obtained by 
the FLIR System were corrected as a function of the temperature measured by several thermocouples, calibrated 
by the European Accredited Laboratory (LAMI), University of Cassino, Italy.  
Finally, a Model 3550 Nanoparticle Surface Area Monitor (TSI Incorporated, St. Paul, MN, USA) was also 
used to measure the human lung-deposited surface area of particles corresponding to tracheobronchial (TB) and 
alveolar (A) regions of the lung. The Model 3550 Nanoparticle Surface Area Monitor is well-suited for 
measuring and monitoring workplace exposure to nanoparticles and for inhalation toxicology and epidemiology 
studies of nanoparticles. In fact, nanoparticle lung-deposited surface area measurements provide a useful 
monitoring metric to measure and quantify potential health effects of nanoparticle exposure, as well the mass, 
number or total surface area based measures. 
The DustTrak and the Nanoparticle Surface Area Monitor were used as supplementary instrumentation in 
respect to the CPC and to the SMPS-APS system: in particular, they were useful to obtain detailed time-
dependent trends inside the pizzerias due to their low sampling time. 
 
2.3 Methodology description 
The instrumentation for measuring exposure inside pizzerias was generally placed in the centre of the venue 
and the test procedure was as follows: one hour of background concentration measurements in the pizzeria 
before wood ignition in the oven, followed by measurements up to the end of the cooking activity (at 
approximately 11.00 PM). 
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During the tests, the predominant source was assumed to be the wood-fired oven, since smoking is not 
allowed in restaurants and pizzerias, and the number of pizzas prepared was generally higher than other Western 
foods (see Table 1). For each pizzeria reported in Table 1, the SMPS-APS system was used. Because of recent 
concerns about the health effects of ultrafine particles and the indication that particle toxicity is related to surface 
area (Brown et al., 2000; Oberdörster, 2000; Brown et al., 2001; Nygaard et al., 2004; Tran et al., 2005; Stoeger 
et al., 2006; Moshammer and Neuberger, 2003; Sinclair and Tolsma, 2004), an estimation of the surface area and 
concentration using the system constituted by a Scanning Mobility Particle Sizer (SMPS) and an Aerodynamic 
Particle Sizer (APS) was carried out, as well as an estimation of the lung deposition surface area. For this 
purpose, the data obtained by the SMPS-APS system were corrected on the basis of the Idealized Aggregate (IA) 
theory reported in Lall and Friedlander (2006) and Lall et al., (2006). These aggregates show a branched, chain-
like structure with a fractal dimension lower than 2 (Dye et al., 2000; Xiong and Friedlander, 2001). On the basis 
of microscopic examinations, in the case of wood combustion, the average diameter of the primary particles that 
made up each aggregate, as determined by Hueglin et al., 1997, Colbeck et al., 1997, Boman et al., 2004, 
Kocbach et al., 2005, Kocbach et al., 2006, Leskinen et al., 2007 and Coudray et al., 2009, was found to vary 
between 31 and 38 nm. Therefore, using the IA theory, a primary particle diameter of 35 nm was used to correct 
data for the presence of aggregates. 
Particle properties (size, density, shape, hygroscopicity, electrical charge), dimensions of airways (depending 
on lung morphology and functional residual capacity) and breathing patterns (breathing frequency, tidal volume, 
the nose and mouth breathing ratio) are among the most important influence parameters to evaluate the fraction 
of inhaled particles deposited in the respiratory system, DF. The International Commission on Radiological 
Protection (ICRP) dosimetry model (ICRP,153 1994) was applied by the authors to estimate the alveolar (A) and 
tracheobronchial (TB) deposition. To determine the amount of atmospheric particle surface area deposited per 
cubic centimeter of air inhaled, the surface area of the particles in each ∆logD interval were multiplied by the DF 
for the size of the midpoint of each ∆logD interval. In order to take into account the presence of aggregates, the 
method proposed in Wang and Friedlander (2007) for calculating diffusion-equivalent diameter from electrical 
mobility diameter, and consequently for using size distribution data obtained with a differential mobility 
analyzer to calculate the total surface area and volume of electricity conducting nanoparticle chain aggregates 
deposited in the human respiratory tract, was applied by the authors. Furthermore, a Nanoparticle Surface Area 
Monitor (NSAM) was also used as useful indicator of particle surface area deposited in the lung (Wilson et al., 
2007). 
The mass concentration and distribution were determined by a Scanning Mobility Particle Sizer (SMPS) and 
an Aerodynamic Particle Sizer (APS) system, as well as a DustTrak™ DRX Aerosol Monitor, calibrated for the 
specific aerosol studied with gravimetric samplers (all the instrumentation used was calibrated at the beginning 
of the experimental campaign). Because the density value is very important in the evaluation of the mass 
concentration through the SMPS-APS system (Buonanno et al., 2009b), a value of 1.7±0.11 g cm-3 was used for 
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wood combustion, as reported in Hueglin et al. (1997). Finally, the lung deposition of PM1 was estimated 
following the same procedure described for surface area deposition. 
 
3. Results and discussion 
 
3.1 Number, surface area and mass concentrations in the pizzerias analyzed 
Table 2 reports the maximum number, surface area and PM concentrations monitored inside the pizzerias, 
along with the corresponding background values. The number concentration ranged between 3 x 104 and 6 x 105 
particles cm-3, with a mean value of 1.7 x 105 particles cm-3. The highest values were found for pizzerias P1, P4, 
P6, P12 and P15, with a low volume (< 500 m3) and, in particular for P6, also characterized by low ventilation. 
Furthermore, although the P4 was also a take-away shop with high ventilation, the high concentration can be 
explained by the small volume (140 m3) and the presence of an additional horizontal spit-roasting. The ratios of 
peak to background values for the number particle concentration varied between 3 and 74, with a mean value of 
11. 
The maximum surface area concentration varied between 2 x 102 and 2 x 104 µm2 cm-3, with the highest 
values found once again for the above-mentioned pizzerias. The ratios of peak to background values for the 
surface area concentration varied between 3 and 70, with a mean value of 10. The determined values represent a 
high exposure in terms of surface area. As example, Ntziachristos et al., (2007) used two Nanoparticle Surface 
Area Monitors (NSAM 3550 TSI, Inc.) in different urban sites within Los Angeles, US to measure the 
concentration levels and the diurnal profiles of the surface area of ambient particles. Results showed that the 
particle surface concentration decreased from ׽150 µm2 cm−3 next to a freeway to ׽100 µm2 cm−3 at 100 m 
downwind of the freeway, and levels declined to 50–70 µm2 cm−3 at urban background sites. Park et al., (2009) 
estimated surface area concentrations as a part of a larger study dealing with women’s exposure to particulate 
matter in India during cooking activities in residential homes using kerosene and liquefied petroleum gas (LPG). 
The mean values ranged between 135 and 343 µm2 cm-3, with peak values of about 2 x 103 µm2 cm-3. 
With regard to PM concentrations, the following ranges were found: 10-327 µg m-3, 12-368 µg m-3 and 15-
482 µg m-3 (with mean values of 77 µg m-3, 95 µg m-3 and 123 µg m-3) for PM1, PM2.5 and PM10, respectively. 
Even though the mean ratios of peak to background values for the different PM concentrations were practically 
the same, they greatly varied for PM1, PM2.5 and PM10 as a function of the pizzeria. For example, in the case of 
pizzeria P1, PM1, PM2.5 and PM10 equaled 9.3, 11.9, 12.2, respectively, showing a higher emission of coarse 
particles. For P7, they are determined as 5.7, 5.7 and 4, with a higher emission of submicrometer particles. This 
differences can be related, as better explained in the following paragraph, to the efficiency of the oven hood. The 
obtained PM concentrations are comparable with the values reported in Buonanno et al, (2009a). They measured 
number, surface area and PM fractions in a room with a total surface of about 80 m2 during cooking activities by 
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means of a SMPS-APS system, by correcting the data through the IA theory. In terms of PM2.5, the maximum 
values varied between 78 and 389 µg m-3 for grilling different foods on a gas stove and between 60 and 118 µg 
m-3 for frying chips using different oils. These values were much lower in the case of electric frying at lower 
temperatures (12-27 µg m-3). 
 
3.2 Surface area and PM1 deposited in the tracheobronchial and alveolar regions of the respiratory system 
The fraction of surface area and PM1 deposited in the tracheobronchial (TB) and alveolar (A) regions of the 
respiratory system determined for each pizzeria through the SMPS-APS system are reported in Table 3. The 
alveolar depositions were higher than the TB ones. The surface area deposition in the A and TB regions ranged 
between 1.1 x 102 and 2.9 x 103 µm2 cm-3, and between 1.4 x 101 and 5.6 x 102 µm2 cm-3, respectively. For PM1, 
deposition in the A and TB regions ranged between 1.7 and 59 µg m-3 and between 0.29 and 11 µg m-3, 
respectively. This data confirms the high exposure in pizzerias, in comparison to other critical 
microenvironments. For example, Wilson et al. (2007) measured the A and TB deposited surface area in 
Minneapolis and East St. Louis, US and found typical values ranging between 10 - 50 µm2 cm-3 and 5 - 20 µm2 
cm-3, respectively. Moshammer and Neuberger (2003) found acute asthma-like effects of active particle surface 
on the pulmonary function of elementary school children, with half-hour mean values for deposited active 
surface area ranging between 4.80 - 343 µm2 cm-3, and a mean value of 58 µm2 cm-3. 
 
3.3 Concentration trends and number distributions 
In order to analyze the concentration trends in the pizzerias, Figure 3 presents the number, surface area and 
PM1 concentrations obtained by the SMPS-APS system with a sampling time of 240 s for P7. This pizzeria 
represents an important case study because the wood oven is the only particle source in the building (i.e. there 
are not other cooking activities). From the figure, the trends can be divided into four time periods, the first being 
background measurements until 18:00, and the second being from 18:00-20:00 with only wood burning in the 
oven. In this period, we observed a constant increase in concentrations. The third period was the cooking period, 
from approximately 20.00-22.00, during which time a peak is observed for number, surface area and PM1 
concentrations. The peak is partially due to the additional particle emissions from the pizzas when they exit from 
the oven and enter in the geometrical domain of the pizzeria but, in particular, to the strong reduction of the hood 
efficiency. In fact, the heat and mass transfer by natural convection is continuously interrupted by the pizza-
maker (pizzaiolo) during his work because the hood is located between the oven and the working area of the 
pizzaiolo (Figure 1b). A reduction of the hood efficiency causes high concentrations to directly enter in the 
pizzeria. 
The surface area deposited in the alveolar region of the respiratory system measured in P7 through the NSAM 
with a sampling time of 10 s is reported in Figure 3b. Also in this case a relevant peak is observed during the 
8 
 
working period (20.00-22.00). The highest values (4.1x102 µm2 cm-3) present a difference of less than 10% with 
respect to the highest values obtained through the SMPS-APS system with dosimetric models (Table 3). 
Furthermore, in Figure 3b the surface area deposited in the alveolar region of the respiratory system measured in 
P7 through the SMPS-APS system is also reported: a good agreement is evident in respect to the data obtained 
by the NSAM even if the trend obtained through the SMPS-APS system presents only one peak because of the 
longer sampling time. Nevertheless, the comparison confirms the high correlation between these two methods 
and also that the NSAM may provide a useful indicator of the fine particle surface area deposited in the lung for 
use in community epidemiologic and personal exposure studies (Wilson et al., 2007). 
Figure 4 shows the particle number distribution trend in the P7 pizzeria vs. time. Once again, a relevant peak 
in the number concentration for diameters of about 60 nm is observed at 9.00 corresponding to the highest 
production of pizzas. 
The particle number distributions corresponding to the peak values for several pizzerias are reported in Figure 
5. The distributions present a unimodal shape, with a mode value that varies across a wide range (from 40 nm to 
160 nm). The contribution of supermicron particles to the number distribution, as measured by the APS, is 
negligible. One of the most important influential parameters is the oven shape factor. If this value tends towards 
1 or more, the hood efficiency is high. For lower values of L/H, because of inertia, more particles with higher 
diameters tend to exit from the streamlines of the natural convection and enter in the pizzeria (Figure 1a). In fact, 
the Stokes number, for H and aerosol flow rate being the same, increases as L diminishes for a fixed particle 
diameter. This consideration is highlighted in Figure 6, where a strong correlation (R2=0.90) between the L/H 
ratio and the mode value is reported. Therefore, high attention should be paid in designing the hood in order to 
limit the emissions of the oven. 
Finally, Figure 7 reports PM1/PM10 and PM2.5/PM10 trends for P1 measured by the DustTrak™ DRX. It can 
be seen that an increase in these values is reported, starting from 0.4 up to 0.7 during the wood burning in the 
oven. Linear regressions indicate that the PM increase is mainly due to PM1 and the slope is the same for the two 
trends. These results show that PM in pizzerias, mainly derived from combustion of wood, is dominated by 
submicrometer particles with very high values of PM1/PM10 , which is in agreement with Boman et al. (2004), 
who reported an average PM1 of 89.5% ± 7.4% for total PM. 
 
4. Conclusions 
 
In this study, particle number and surface area, as well as different particulate matter concentrations and 
distributions were measured in 15 pizzerias during a 14-months experimental campaign in order to evaluate 
exposure in this microenvironment. The main issues and subsequent implications can be summarized as follows: 
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- the number, surface area and PM1 concentrations vary across a wide range, from 3 x 104 - 6 x 105 
particles cm-3, 2 x 102 – 2 x 104 µm2 cm-3 and 10 - 327 µg m-3, respectively; 
- P7, whose emissions were considered to be the most representative of wood-fired oven emissions, since it 
was the only cooking process taking place at the time, presents high exposure values equal to 1.6 x 105 
particles cm-3, 3.3 x 103 µm2 cm-3 and 62 µg m-3 for number, surface area and PM1 concentrations, 
respectively; 
- the corresponding tracheobronchial and alveolar lung deposited surface area and PM1 are equivalent to 
other critical exposure microenvironments, such as in the proximity of main streets; 
- the trends show an increase in exposure during wood burning inside the oven in comparison to 
background levels, with further increases observed during the cooking of the pizzas, as a result of a 
reduction in hood efficiency; 
- the hood highly influences the mode diameter, reducing the value as the efficiency increases. Particularly 
important is the size of the face opening with respect to the diameter of the semicircular oven door; 
- the ventilation, as well as the dimensions of the pizzeria, represent important influential parameters, with 
greater exposure found in P6, where there was minimal ventilation, and P4, that had the smallest volume. 
 
Particle concentrations in pizzerias, particularly for surface area and PM1, should be considered in relation to 
indoor air quality and human health. Further research is needed in order to provide a better understanding of 
potential exposures in the indoor microenvironment and, consequently, to contribute to the development of more 
appropriate exposure preventative/reductive strategies.  
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Table 1 –Characteristics of the pizzerias investigated. Np and Nm represent the daily number of pizzas and hot 
meals, respectively. 
Pizzeria Volume 
(m3) 
Oven shape 
factor (L/H) 
Daily number 
of pizzas Np/Nm 
Notes 
P1 224 0.20 100 0.75 Located in an urban area along a main street 
P2 574 0.90 30 0.71 Rural area 
P3 546 0.63 45 0.68 Rural area near a main street 
P4 140 0.63 95 0.91 
Presence also of a horizontal wood-supplied 
spit 
Urban area 
High ventilation (take away) 
P5 868 1.11 30 0.68 Rural area 
P6 168 0.88 70 0.81 Very limited ventilation Rural area 
P7 560 1.10 60 1.0 Urban area 
P8 784 0.74 50 0.73 Rural area Within 100 m from a highway 
P9 1120 1.25 80 0.98 Rural area 
P10 980 0.40 90 0.94 Rural area 
P11 921 0.30 76 0.85 Rural area 
P12 325 0.50 120 0.76 Urban area 
P13 814 0.38 105 0.88 Rural area 
P14 543 0.61 95 0.65 Urban area 
P15 463 1.0 55 0.95 Urban area 
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Table 2 – Maximum (background) number, surface and PM fraction concentrations determined by the SMPS-
APS system in the pizzerias investigated. 
Pizzeria N (part. cm-3) S (µm2 cm-3) PM1 (µg m-3) PM2.5 (µg m-3) PM10 (µg m-3) 
P1 2.0x105 (2.9x104) 1.3x104 (8.8x102) 250 (27) 368 (31) 465 (38) 
P2 1.7x105 (2.2x104) 2.5x103 (8.8x102) 29 (14) 32 (22) 36 (35) 
P3 9.8x104 (2.9x104) 4.1x103 (9.3x102) 68 (17) 74 (19) 90 (24) 
P4 3.6x105 (8.1x104) 5.6x103 (2.3x103) 79 (57) 84 (69) 106 (93) 
P5 6.0x104 (1.8x104) 1.4x103 (8.7x102) 24 (19) 30 (21) 36 (24) 
P6 6.4x105 (8.7x103) 1.9x104 (2.7x102) 327 (14) 359 (15) 482 (18) 
P7 1.6x105 (9.6x103) 3.3x103 (2.4x102) 62 (11) 74 (13) 86 (19) 
P8 5.7x104 (1.3x104) 1.4x103 (2.9x102) 20 (7) 24 (10) 26 (16) 
P9 2.5x104 (9.0x103) 6.8x102 (4.2x102) 10 (8) 12 (10) 15 (14) 
P10 7.8x104 (1.9x104) 1.4x103 (7.4x102) 19 (15) 22 (17) 39 (25) 
P11 1.1x105 (1.2x104) 3.4x103 (6.4x102) 21 (14) 29 (16) 46 (21) 
P12 1.6x105 (2.5x104) 7.3x103 (8.9x102) 89 (31) 125 (35) 187 (39) 
P13 1.0x105 (1.0x104) 2.6x103 (6.9x102) 20 (15) 31 (17) 52 (22) 
P14 1.2x105 (1.4x104) 4.3x103 (4.6x102) 71 (13) 79 (15) 87 (20) 
P15 1.6x105 (1.7x104) 4.9x103 (4.1x102) 65 (21) 81 (25) 88 (29) 
 
 
  
16 
 
Table 3 – Maximum tracheobronchial (TB) and alveolar (A) lung deposited surface area and PM1 in the 
pizzerias investigated determined through SMPS-APS system with dosimetric models. 
Pizzeria 
Lung deposited surface area 
(µm2 cm-3) 
Lung deposited PM1 
(µg m-3) 
TB A TB A 
P1 4.6x102 8.9x102 4.6 28 
P2 91 4.5x102 8.1 11 
P3 71 4.1x102 1.6 10 
P4 1.9x102 9.3x102 3.4 18 
P5 25 1.4x102 0.60 3.4 
P6 5.6x102 2.9x103 11 59 
P7 88 4.5x102 2.0 11 
P8 34 1.8x102 0.67 3.7 
P9 14 1.1x102 0.29 1.7 
P10 34 1.8x102 0.66 3.6 
P11 54 2.3x102 1.1 4.1 
P12 61 2.2x102 1.4 4.3 
P13 98 3.8x102 2.1 5.1 
P14 89 2.8x102 1.9 3.9 
P15 95 3.1x102 2.2 3.8 
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Figure captions 
Figure 1. Sketch of the fluid dynamic interaction between the wood oven and the hood a) without and b) with 
the presence of the pizzaiolo. 
 
Figure 2. Temperature field inside the wood oven during the cooking of a pizza in the 300°C-800°C range. 
 
Figure 3. Number and PM1 (a) trends measured through the SMPS-APS system and surface area and deposited 
alveolar surface area trends (b) measured by the SMPS-APS system as well as the NSAM in the pizzeria P7. As 
regards the SMPS-APS system, the uncertainties were evaluated through the model proposed in (Buonanno et 
al., 2009b) 
 
Figure 4. Particle number distribution trend vs. time in the pizzeria P7. 
 
Figure 5. Particle number distribution for several pizzerias examined. The uncertainties were evaluated through 
the model proposed in (Buonanno et al., 2009b) 
 
Figure 6. Mode diameter of the particle number distributions in the 15 pizzerias analyzed as the oven shape 
factor varies. 
 
Figure 7. PM1/PM10 and PM2.5/PM10 trends in pizzeria P1 measured through the DustTrak DRX 
  
18 
 
 
  
19 
 
 
  
20 
 
 
  
21 
 
 
  
22 
 
 
 
23 
 
 
  
24 
 
 
  
25 
 
 
26 
 
 
